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Chapter I 
INTRODUCTION 


The primary purpese of this experiment was to investigate 
the relationship between level of primary motivation (hunger) 
and two basic phenomena of behavior, stimulus generalization and 
discrimination learning. The difficulty of the discrimination 
was also systematically varied so that interaction effects in- 
volving problem difficulty might be observed and utiliged in the 
analysis of the main behavioral processes under scrutiny. 

An additional problem which was investigated was thet of the 
effect of discrimination training on a subsequently obtained gen- 
eraligation gradient. Procedures were employed which made possible 


a separation of the effects of the physical difference between 
stimili to be discriminated and the amount of discrimination train- 
ing administered, on properties of the post—discrimination general- 
ization gradient. 

A final problem with which we were concerned ven that of the 
relationship between stimulus generaligation and the ease of for~ 
mation of a subsequently learned discrimination. A number of 
Gifferent measures of digerimination learning were used and 
different aspects of previously obtained generalization gradients 
were utiliged in an attempt to predict then. 

The character of the present study was essentially empirical, 
but the data will also be examined for their bearing upon a set 
of important basic issues in learning theory which extend beyond 
thoge functional relationships which determined the experimental 
designs 

In this first chapter we shall treat separately the major 
theoretical and empirical considerations with regard te each of 
the four major problems under study. iIn the chapter which follows 
more specific aspects of experimental design will be discussed 
with particular emphasis on differences between the present study 
and past onese 


I, Motivation and Gener: LL OTe 


A convenient starting place for a theoretical treatment of 
the problem of motivation and generalization is with the Hullian 
framework. According to Hull (1943) the strength of a learned 
response is determined by a miltiplicative combination of its 
associational and motivational components. The sabit Strength 
of a generalized response varies inversely with the distance along 
the stimilus dimension (in J.N.D. units) that the test stimlus 
is displaced from the original one. If the drive level of 8 is 
inereased, the Reaction Fetential of all generalized responses is 
inereased proportionately. The behavioral consequence of this 
change in oi, depends on the response measure used, Where a linear 
relationship is assumed to exist between gi and the response 
measure (as in the case of latency, amplitude and resistance to 
extinction) a given change in gE, produces a proportional change 
in the strength of the response. use an inevease in drive in- 
creases the sige of the generaligation decrement and thereby 
increases the "steepness"” of the gradient. With the measure of 
Regponse Probabllity, an ogival relationship to gf, is assumed, 
thus the influence of a given change in gBp may be more than or 
less than proportional to the amount of change, depending on the 
phase of the ogival function involved. The resulting generaligza- 
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5 
tion gradient may be "flattened or "gteepened," depending on the 
initial level of clipe 

The measure of response rate is not included in Hull's system 
and therefore none of the Hullian predictions are directly appli-~ 
cable here. Skinner (1949) has expressed the view that response 
rate is closely related to probability. However, it is not our 
purpose to evaluate specific derivations from Hullian theory. Such 
derivations require the arbitrary specification of several unknown 
values (for example, of Ep) and the goodness of the fit with the 
empirical data may depend more on the theorist's choice of cone 
stants than on the predictive value of the theory, The Hullian 
position dees suggest, however, that drive level is a variable 
whieh significantly affects stimilue generaligstion, whatever the 
responss measure employed. 

A very different theoretical interpretation of the rele of 
drive in stimulus generalisation comes from the statistical learn- 
ing theory of Estes (1950). Estes argues that although Hull 
attributes beth estimating and energizing properties te drive, 
all quantitative derivations invelving drive level make use of the 
energizing function alone. If drives are treated ae strong sti- 
mali which are as conditionable as externally caused stimuli, then 
this alone may account for results frequently cited as evidence 


Precip sas a 
aide pumnte on Satwand on wwe YE sonia ot 


6 
fer the energising function. In the area of stimmlus generaliga- 
tion, for example, $s trained under high drive would be expected 
to produce more generalization than low drive Ss because stimali 
associated with the drive state become conditioned to the re~ . 
@ponses. Such stimli would be present even though the external 
etimiuation was changed considerably, and thus drive stimli 
would provide the basis for a good deal of generaliaation. The 
greater the level of motivation, the more intenee the drive sti- 
mali and the greater the weighting of these stimili relative to 
external stimili. Thas, the higher the drive, the "flatter 
the generaligation gradient. 

A third view of the role of motivation in generaligaion is 
that of Ny Ee Hilier. In Miller's theory of conflict behavior 
(1959) one of the postulates is: “The strength of tendencies te 
approach or avoid varies directly with the strength of the drive 
upon which they are based.” Gradients of appreach and avoidance 
are thought of by Miller as being tysical of gradients of general- 
igation. He assumes that an increase in drive increases the 
height of the entire gradient in an additive rather than a milti- 
plicative manner. Miller feels that this assumption is necessary 
to account for the fact that if a rat is both shocked and fed at 
the end of a pathway, the distance that the rat will remain from 
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7 
the goal varivs with the intensity of the shock. Actually, sach 
@ result could oceur even with a miltiplicative effect of drive, 
if one wiehes to inveke the mechaniem of the reaction threshold, 
as does Hull. However, Miller believes that the evidence from 
studies such as Brown's (1942) lead to the acceptance of the 
additive alternative. 

It may be seen that theorists fail to agree not only on the 
mechanien responsible for the effect of drive on generalisation, 
but also om the nature of the predicted relationship itself. The 
empirical evidence in this area of study reflects the theoretical 
inconsisteneles., Studies of the influence of drive on stimilus 
generalization have been performed varying tne hunger drive 
Brown (1942), Rosenbaum (1951), Newsan (1955), Jenkins, Pascal 
and Walker (1958), the shock fear drive Murray and Miller (1952), 
Rosenbaum (1953), the sex drive Macerone and Walton (1938), 

Beach (1942) and the manifest anxiety drive Mednick (1957). All 
ef these studies offer ae evidenee for increased generalization, 
fee. raised and/or "flattened™ gradients, with increases in drive. 
the other hand, two recent siudies using the Taylor Seale 

Buss (1955), Pager and Knopf (1955) found no drive effect at ail. 
‘Thomas and King (1959), employing a parametric procedure with 
four different levels of food deprivation in pigeons found a 


otter tiersamy 2 ovkib Md dette oils 1 oft 
off sMisail qiiarohtatvi bubatbong eid! 36 omidavs 
igobiotoniy- edé edoolhey pote ‘te: Botte: end ' 
sabmise oo ovixh oO apemenEiad ot to natbeed | 
ovind tegen’ ial naaaid tna i oi . 
Laon l .2b.tusel ee) jenoagyh ge ahem 


its o(V@RE) Aeiohat wviet. eel 
hbtinas Less, seananed ter somonty a at 


& 
non-monotonic relationship with an intermediate drive level pro- 


Gucing the "steepest" generaligation cradients. | 

Although 1% is elear that drive level may influence the sii- 
milus generalisation gradient, the exact nature of this influence 
ie not readily apparent. One variable that ic of demonstrated 
significance is the range of drive levels sampled. Another im 
portant factor is the measure of response slrength employed. Un~ 
fortunately, however, there is not complete agreement amon: studies 
using phathar meagures and sampling similar ranges of drive. It 
is likely that further research will reveal still other variables 
which interact with the drive-generalization relationship. 


The Bulllan system provides a basia for predictions about the 
rele of mtivation in the formataen of a discrimination. Typi- 
cally, use is made of @ simple learning situation in which there 
are two known response tendencies, one of which is clearly dominant 
at the beginning of the experiment. The probability of a correct 
responss depends, among other things, on the degree to which its 
s value exceeds that of the incorrect response. The difference 


between the Sf values of the correct and the incorrect response 
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9 
waries directly with the level of drive. Thus, if the cerrect. 
habit is dominant at the start cf the experiment, increased drive 
will be facilitating; if not, increased drive will be Inhibiting. 

The literature contains a sufficient number of relevant studies 
46 make an evaluation of the theory possible. A rather large 
number of studies have been reported in which differences in drive 
level had no demonstrable influence on selective learniaz, Meyer 
(1951), Myers (1952), Teel (1952), Champion (1954), Carlton (1955), 
and Niles (1959). On the other hand a facilitating effect of drive 
has been reported by Powloski (1953), Hamond (1964), Eisman (1956), 
and Bisman, Asimov and Malteman (1966). Finally, a number of 
studies have been reported in which an intermediate level of drive 
has proved optimal for discrimination learning, Yerkes and Dodson 
(1908), Dodson (1917), Birch (1945). . 

Again, mo explanation hae been offered for the many dis~ 
erepancies in the literature. Wany different species have been 
employed and many different experimental procedures have been used 
to test them. The range of drive levels sampled and the different 


pongse measures used no doubt also contribute bo the inconsist- 


ency of findings. It would esem desirable to study the problea of 
the effect cf drive level on ease of discrimination learning in a 


eituation in which the behavior of 8 and the nature of the stimli 
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were both under the strictest possible control. This was one pur- 


pose of the present experiment. 


At the very core of Spence's theory of discrimination learn- 
ing in animals is the assumption that discrimination training pro- 
guces some very definite changes in the resulting gradient of 
stimulus generalization. Spence (1936, 1937) assumes that rein- 
foreement of a response simultaneously increases the strength of a 
class of responses (defined by the stimulus generalization gradient). 
On the other hand extinction of a response due toe non-reinforce- 
ment results in a gradient of extinction or “inhibition™®. If both 
of these processes have taken place, either simultaneously or 
successively, and if the positive and negative stimuli are on a 
| continuum, then the resulting tendency to respond to any stimulus 
on that continuuwn will be a funetion ef the algebraic summation of 
the gradient of excitation minus the gradient of inhibition. The 
result of this summation process is to yield a gradient, the peak 
of which is displaced from the value of the positive stimulus in 
the direction away from the negative stimulus. It is on the basis 
of this resulting gradient that Spence is able to derive the 
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prediction of transposition without implying an ability on the part 


ef the subject to respond to relationships as such. 
Hanson (1959) has reported an experiment in which predictions 
based on Spencets theory were put to the teat. Figeon Ss were 


trained to Key-peck at one wave-length of light and not at another. 


Then a generalisation cradient was obtained covering a wide range 
ef stimalus values including the positive and negative stimuli. 
faree different sets of ($+, S~) pairs were used in different 
groupe of Ss. The derivation from Spence's theory accurately pre- 
dicted: (a) inereased steepness of the gradient in the region of 
S~; (b) low response level at S-; (c) displacement of the mode of 
the post-diserimination gradient; (4) increasing displacement of 
the mode with decreasing (8+, 5-) difference. However, two find~- 
ings were contrary to predictions: (e) the pest-diserimination 
gradients were all higher than the control gradient; and (f) the 
height of the post-diserimination gradients did not vary with 
(S+, S-) difference. These latter results are incompatible with 
the assumption that a subtractive mechanism underlies diserimina- 
tion learning in the free-responding situation. 

In evaluating Haneon’s findings it is important to note that 
he ‘el ete. Spence's theory of discrimination learning, but 
rather an extension of this theory to the operant free-responding 
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situation. The theory was proposed for a simple single choice 
eituation and Hanson's findings in ne way reflect on the adequacy 
ef the theory in the situation for whieh it was intended. 

Hanson's findings de raise several interesting questions. 
Although he showed that the amount of peak-shift after discrimi- 
nation training varies inversely with the (S+, S-) difference, his 
experimental design did not make it possible to investigate the 
manner in which this change in the gradient takes place. We may 
ask “What he the courge of change in the leecation of the gradient 
along the stimulus dimension?” "What variables affect this 
course?” Hanson's finding that both time to erliterion and amount 
of peak-shift vary inversely with (S+, S~) difference suggests the 
possibility that amount of training is the mechanism through which 
(5+, S-) difference has its effeet on the generalization gradient. 
if this is so, then the applicability of a Spence-type excitation- 
inhibition analysis to the operant successive-—discrimination situa- 
tion ig stili further questioned. In the present study, these and 
related questions suggested by the work of Hanson are considered. 


On a number of occasions in the course of the introduction we 
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have used the terms "*generaligation”™ and "discrimination™ under the 


assumption that their meaning was sufficiently clear for our pur- 
pose at the time. However, it might be wise to stop at thie point 
and give more explicit definitions of these and related terms so 
as to avold possible misunderstanding later one By Stimulus 


Ligation we refer to the tendency of a response learned to a 
particular stimalus to be made in the presence of other stimli. 
if the stimuli are ordered along some dimension, a function show- 
ing the strength ef the respense to the different stimili is 
called a Generalization Gradient. The term "gradient" is appro- 
priate in view of the fact thst as stimuli are used which are 
progressively further removed from the original, the strength of 
the respense progressively decreases. This decrease in the 
strength of the response when the stimlus is altered is called 
the "Generalization Decrement”. dust as the value of the general- 
igation gradient for a given stimulus may be considered as a 
measure of generalization, - the generalization decrement indi- 
cates the degree to which a particular stimlus is discriminated 
from the original. To be specizic, by Diserimination we refer to 
the tendency of a response learned to a particular stimalus not 
to be made in the presence of wher stimili. dust as generaliza- 
tion may be thought of as an innate property of learned behavior, 
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Th 
go discrimination may be similarly classified. By definition, 
generalization and discrimination are opposite and complementary 
processes; § generaliaes to the degree that it does not discriminate 
and vice versa. 

A couaon assumpbion seems te be that discrimination is more 
basic, and that ceneraligation represents a failure of discriai- 
nation Gue to the limited sensory or perceptual capacity of the S. 
This capacity of the § determines stimulus biscriminebility whieh 
is usually operationally defined in terms of the size of the 
difference threshold (J.N.2.). Studies which have concentrated on 
determining the nature of the relationship between discriminability 
and generalisation have produced equivecal results. whereas 
Kalish (1959) has presented evidence with human §s which favors 
the assumption of an inverse relationship between generalization 
and diseriminability, Guttman and Kalish (1956), working with 
pigeon $s, were unable to find any support for this assumption. 

In the present case we are interested in a different, though 
related problem, “Wheat is the relationship between stimulus gen- 
eraligation and the ease ef formation of a discrimination?” By 


Diserimination Learning or formation of a discrimination we refer 


to the establishment and/or increase in the tendency of § to 
respond differentially in the presence of cifferent stimili. in 
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the present case negative stimili were selected which were suffi- 
Giently different from the 0.5. to evoke a lower rate of response 
(generalization decrement), thus the effect of discrimination 
training was to increase a discrimination which already existed. 

If diserinination learning involved no more than the extina- 
tien of a reaponse to a generalised stimulus coneurrent with the 
maintenance of the response to the original stimulus, then it 
might be predicted that the greater the ceneralized response 
strength to the negative stinmlus, the longer will the mastery 
of the discrimination recuire., However, such en analysis deca not 
take into account the generalization of the effecta of reinforee- 
ment from the pesitive stimalus to the negative, and the concurrent 
generalisation of the effects of non-reinforcement from the nega~ 
tive stimulus to the positive. The crocess of discrimination 
learning may be far sore complex than simple extinction. 

Another basis for the prediction of ease of discrimination 
learning might be the "relative slope of the generalisation cra- 
Gient, i.e. the sise of the generalisation decrement reiative to 
the response strencth te the 0.5. Those Ss in a grous which pro- 
duce the larsest ceneraliszeation decrements may be assumed to have 
@ greater tendency~to-discriminate than the others. It seens 
reasonable to assume that these Ss will be the first to increase 
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thie decrement to the point where the arbitrary criterion of dis- 
crimination learning is mete 

On the other hand there may be no direct or simple <eiation- 
ship between untrained discrimination (generalisation decrement) 
and readiness to learn a4 vew ciserimination, fhe first is a per- 
ceptual process, the eecond is a question of behavioral modifi- 
ability. Possibly the etimlus ceneraligation gradient and its 
aseoclated decrement. supplies us with a static neamare of S's | 
stimulus svatiranete at the time of testing and yet tells us 
nothins about a separate dynamic precess, the alteration of these 
preferences through learning. The question is an empirical one, 
ang an attempt bas been made in the present study to find an answer 
te ii. 


gif Yo exmasns olfate w Silver eetlgque dei 
be ALLA! dor hate BARRO Te wed? oat a wo 


LV 


Chapter IT 


A COMPARISON OF THE PRESEET DESTGN WITH TeaT 
OF Past STUDIES 


At the beginning of the introductory chapter four different 
problems in the area of stimulus generalization and generaligation 
were introduced. fhe remainder of that chapter was devoted to a 


general discussion of the theoretical and empirical background of 
each of these problems. in this chapter we will discuss the 

manner in which the present study attempted to treat these different 
probleus and the waye in which this treatment differs from that of 
previous stucies. in this discussion, specific procedural detail 
will be omlttea if 1% is not essential to the argument, since such 
Getails will be found in the chapter on method whieh follows. 


aid secoate Lite ew tadyerto abit ani ' : 


In an earlier section reference was made to two rather similar 
experiments, one by Jenkins, Pascal and Walker (1958) and one by 
Thomas and King (1959). Both of these studies were concerned with 
operant generalisation in pigeons as a function of various levels 
of the hunger drive. Jenkins et. ale showed that increased drive 
ralees and “flattens” the gradient; Thomas and King reported a non- 
monotonic relationship between drive and generalization slope, with 
an intermediate level of drive resuiting in the "steepest" gradients. 
In this aspect the two studies are not necessarily in disagreement, 
since the Jenkins et. al. experiment employed only two different 
drive levels. Perhaps if the range of values used was as wide as 
that employed by Thomas and King a similar non-monotonic function 
would have been revealed. 

The two studies differed mainly in the interpretation of the 
effects of drive increase, Jenkins et. al. argued that increased 
drive increases response strength and this in turn accounts for 
the increased "flattiness” of the gradient. On the other hand, 
Themas and King presented evidence for changes, in “slope” as a 
function of drive level, independent of response strength differ- 
ences. A number of procedural differences may account for this 
discrepancy. The two studies used different training procedures, 
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different testing procedures, different stimlus dimensions, ete. 


A difference which may be of particular significance is that in the 
Jenkins et. al. experiment a chronic hunger atate was used, ise. 
Ss were maintained at weight for all of the training and testing 
procedures, while the Thomas and King procedure made use of acute 
hanger, ise. the deprivation level was adjusted at the time of the 
generaligation test. 

In the present experiment we have attempted to replicate part 
of the Thomas and King study with the exception that a chronic 


rather than an acute state of hunger was used. Pigeon Ss were 
trained to respond to a monochromatic stimalus pateh and later 
were tested in extinction for generaligation to other wave-lengths. 
Three different levels of drive were used, corresponding to 60%, 


70% and 60% of ad libitum weight. Pilot work had indicated that 
Ss chronically maintained at 90% of ad lib. weight were not suffi- 
elently motivated for proper training. 


In view of the evidence (Yerkes and Dodson (1908), Bireh (1945) 
that the optimal level of motivation for the learning of a discri- 
mination may vary with the difficulty of the problem, it would 
appear necessary in any study of drive and diserimination learning 
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to include a number of different discrimination problems represent- 


ing a wide range of difficulty. For this purpose we selected three 
different problems: (a) 550i, positive (+), 590My, negative (~), 
(b) 550Mp, +, 570Mp, -, (c) 550Mp, +, S5EMp, -. Responding to 
positive stimali was reinforced according to a variable interval 
(VI) schedule; responding to negative stimli wae never reinforced. 
Research by Hanson (1959) has indicated with similar stimilus 
values that time te learn the discrimination is an inverse function 
of (St, S-) difference. 

ne possible interaction effects of drive level 
and problem difficulty it is essential to empley a number of levels 
of each variable. In the present study three different depriva- 
tion weighte were used, 60%, 70% and 60% of ad lib. weight. The 
resulting factorial design makes it pessible to analyze the effect 
of (St, S~) difference, the effect of drive level, and the effect 
of the interaction of the two, As a dependent variable, the time 
te achieve the criterion of discrimination learning may be used. 

It is also possible to employ a variety of different discrimination 


In order to exam 


learning measures, Gof» number of responses in training to 5-, 


per cent of total responses to 5-, ete. 


Hanson (1959) has shown that the effect of discrimination 


training is te *steepen™ the post-discrimination generalization 
gradient and to shift the peak of responding from the $+ value 

to & new stimiaus in the direction opposite from the Gs. The 
anount of thie peakeshift varies inversely with the (S+, 5-) 
a@ifference. It wae aleo demonstrated that the time required fer 
mastery of the discrimination varied in a similar manner with (S+, 
$~) difference. The hypethesie may be entertained that the amount 
of discrimination training is the vehicle through which the (S+, 
S~) difference has its effect on the post-diserimination general— 
igation gradient. } 

There are to different procedures which might be used to 
distinguish between the roles of amount of training and (5+, 8-) 
difference, One would be to administer a fixed amount of discri- 
mination training to two different groups of Ss, each with a 
different (3+, S~) difference. If the resulting post—discrimina- 
tion gradients were similar, then the significance of amount of 
training independent of (S+, 8-) difference would be established, 
On the other hand if the two gradients differed, the effect of 
(S+, S-) difference independent of anount of training would be 
shown. Another procedure would be to test Ss for generalization 
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following different amounts of training on the same problem, ices 
the same (S+, S-) difference. The greater the amount of training, 
the greater the amount of pesk-snift should be, 

The present experiment sepleyed a design which incorporates 
beth of the aforeueubiened procedures. Three groups of 5s, each 
assigned to a different discriaination problea, were subjected to 
tests of genevaligation after two seasione of discrimination trein- 
ing, four sessions, 8ix sessions, eice, until the criterion of 
Giserimination learning was reached. A comparison of the first 
generaligation gradient obtali 
gvoups reveals the influence of (Sr, 5-} difference with amount of 


ed from each of the three problema 


training heic constante A comparison of the first generalization 
gredient with the second gradient, the third gradient, the fourth 
gradient, etc. for each individual § reveals the roie of diseri- 


mination training with (8+, 5-) effects held constant. 


in the present study stimlus generalization gradients were 
obtained from the Ss before the start of discrimination training. 
This preliminary (pre-discrimination) generalization gradient pro- 
vides the data from which a prediction of the ease of discrimination 
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dearning may be made, Uore than one aspect of the generaligation 


crimination Learning, The ease of formation of a discrimination 
may be a funotion of the absolute strength of the generalized re~ 
sponse to the negative stimulus, or it might be a function of the 
relative response strengths to the positive and negative stimuli. 
The number of responses to the negative stimulus and the ratio- 
responses to S- diviced by responses to the 0S were both uged in 
an attempt to predict ease of discrimination learning. 

typically, time or trials te achieve 4 learning criterion or 
number op errors made (responses to S-) are used to meagure dis- 
evinination learning near ikie Such measures are not always 
hishly correlated with each other and a complete analysis requires 
the inclusion of both kinds of scores. Such was the plan of the 
present experiaont. 


Chapter III 
METHOD 


Subjects.—-The 86 were 54 experimentally naive white carneau 
pigeons obtained from the Palmetto Pigeon Plant in Sumpter, 5.C- 
This number remainec from an criginal group of 66 animals. The 
ethers were discarded at various siages of the investigation due 
to illness or death, failure to be magagine trained, failure to 
leaim tie key~pecking response, apparatus failure, ete. All 8s 
ot nee ee schedule.* 


i chetiadin eh Siek-eronpadeteah a: tn sie 70x ends teint Xe 
be magazine trained within five days and were discarded. One 
in the 60% group, two Ss in the 70% group and one § in the 
group were discarded for failure to key~peck train within 
five days. Five 5s in the 60% group weakened and diec during 


25 
Apparatus.——4 bank of four identical. Skinner type key-neckxing 
apparatuses was used. Each box had the following tanhevbiad dimen-« 
sions: width, 154 in., depth, U4) in., height 143 in. Walls and 
ceilings were painted flat blacks floors were of unpainted mason-—~ 
itesIheSts key of translucent plastic was exposed through a 7/2 ins 
circular aperture placed 64 in. above the floor on one wall of the 
box. Directly below the key in the floor of each box was a 1l-in. 
circular aperture through which Ss had access to the food maga- 
gine. The magagine, which was overated by a motor-driven cam, 
allowed Ss approximately 4 sec. of access to food during each 
eyele, Between cycles the food was lowered beyond Sts reach. 
A plexiglass light fixture with a 15 wett bulb, placed directly 
abeve and in front of the flleor opening illuminsted the opening 
end the macazine for the duration of cech evele.** 


% the course of the experiment. Whenever an § failed to 
complete the entire experiment, the data for that 3 were 
discarded and another 5 wes run in its place. 


oe The magazines deseribed above were not those originally in- 
gialled in the boxes, but were put in after the original 
model proved to be prone to failure. The change was made 
after the first squad of $s, containing members of all exper~ 
imental groups, had been rune There is thus no reason to 
believe that this apparatus change had any significant effect 
on the results. 
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Aside from the stimulus light and the magagine light during 
magagine cycles, the boxes were in darkness throughout the experi- 
mente. One box, number one, was set aside for generalization 
testing, The source of illumination for the key in this box was 
@ Bausch and Lomb diffraction grating monochrometor, Hodel 33~ 
B6—-40, equipped with a 106 watt, é6v. AsC.» ribbon filament tung- 
sten lamp. The monochromator grating, 1200 grooves per mm. was 
blazed for maximm intensity in the visible spectrum. The exit 
gud axtrunce elite of the. uencehrouater vere set at 5 mm pro- 
viding a band-width of 16.5 Mj. The source was operated at the 
game level, 15 ampse, throughout the entire experiment. 

Boxes 2, 3, and 4 were used for training purposes only. The 
keys in these were illuminated by 100 watt, 120 v. AG. projec- 
tion lampa. Positive and negative stimili were provided by 
Beusch and Lomb interference filters. Each box was equipped 
with a "positive filter", (transmission peak 550My) and a 
"negative filter (590 My for box 2, 570Mp for box 3, and 55éip 
for box 4). The brightness of the filter colors was matched to 
the monochromator colors by the addition to the filters of an 
appropriate number of pieces of exposed filn (Polaroid No. D 
77643)- The matching was accomplished with the aid of a photo- 
miltiplier tube and its associated amplifier. 
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The three training boxes were set up to change stimuli 
automatically according to a pre~arranged schedule punched on a 
tape run on a Gerbrands Programmer. ‘Throughout the experiment, 
g noise was supplied to ell boxes by a Grason-Stadler 
Koise Generator, Model 701. 

Procedure.--Upon arrival at the laboratory, all Ss were 
weighed, individually caged, and allowed free access to food and 
water. To facilitate handling, tail and wing feathers were 
Clipped. Throughout the entire course of the experiment, free 
access to water was always avallable in the home cages. ‘he 
weight of all Ss was measured on the day of arrival and each day 
thereafter. Food deprivation was not begun until a stable weight 


level was achieved by each 5. This precaution wag taken in order 
to permit adequate specification of the various body weight levels 
later to be used. 

After four to ten days a stable weight level was achieved by 
all Se and food deprivation was begun. Ss were randomly assigned 
to three body weight levels, 60% of ad lib. weight, 70% and 60%. 
At the same time 8e were assigned to three different discrimina- 
tion problems, thus creating nine groups of Ss, one for each cone 
bination of weight level and discrimination problem. Deprivation 
ceased for each $ when the appropriate weight was reached. At 
this point, training was begun, according to the following 


wou waettdnot youtar baa) Sov poche 
att , inert ox) "We nn@o ee 


OB kote HOT yirigee sat he Na 


scheduie.* 
bay: The Se were allowed to oat from the open magagine 
for three mine Host $s did sv readily, none requiring more than 
13 mine 
Day 2: By successively reducing the period of aceess to the 
food wagagine Ss were trained to eat during the four sec. magazine 
cycle, Then 50 reinforcement cycles were presented, 
Bay 2 Fifty more reinforceuent eyeles were presented. 
bay 4: For the first time, the key was illwainated by a 
light of 550iu. Aeyepecking resulted in continuous reinforcement. 
if Ss did not respond spontaneously within 30 mins, key-peck 
training via successive approximations was initiated. Hach 3 was 
allowed to make 50 reinforced responses before the Gayts training 
session was terminated. Ss which failed te do so after approxi- 
mately one hour were returned to their cages. Training was again 
attempted on the next day and on successive days if necessary. 
Ss waich failed to learn the key-~pecking response after five days 
of training were discarded, 
Bay 5: Ss were returned to the boxes for 50 more reiniorced 


* Thie schedule presents the sequence of experimental treatments. 
Limitations of time, apparatus failure, apparatus availability, 
@ice, were guch that most Ss required a few more days to come 
plete the schedule of treatments than the minimal time indicated. 


23 
responses. 

Bays 6-10; Variable interval (VI) reinforcement was given 
for thirty 60-sec. stimilus—on periods alternated with 10 sec. 
etimulue-off (blackout) periods. The mean interval between rein- 
Yorcements was epproximately 60 sec., not counting blackout periods. 
One ef the five VI sessions for each § in ail groups was admin- 
isterec in box 1, the test box, so ae to accustom Ss to the test 


box and te the monochromator-produced stimulus. 


then a generalization test in extinction. Eleven different teat 
stimali were used (51GMp, 520Mi, 530i, SAOMp, 5k5Mp, 550M, 555M, 
560Mp, 570M, 560ijp and 590%). The eleven test stimuli were ran- 
domized within a series, and six different random series were pre- 
sented to each §. This resulted in a schedule of 66 stimilus pre- 
gsentations. Each stimilus presertation was for 30 sec. and was 
followed by a 10-sec, blackout period, durin: which the muuber of 
key=pecks in the preceding period was recorded and the stimlus 
Was changed. 

Day 12: Discrimination Training.-—Each § was placed in the 
box in which it had been trained. Ail three discrimination groups 
were trained with the same positive stimlue (St) 550M, and 
differed only with respect to the negative stimlus (S-). Each 


30 
discrimination group consisted of 18 Ss, six at each of three body 


weight levels. These groups may be designated by the nesative sti- 
milus used: 590My (trained in box 2), 570Mp (box 3) and 55@Mp 

(vox 4)+ During discrimination training responding te the positive 
stimalue was reinforced according to the same VI schedule pre- 
viously used. Hesponding to the negative stimulus was never re- 
inforeed. The positive and negative gtinndé were presented 
guceessively in a prearranged 
vals of & and fifteen of S~ were presented each dey. All stimdus 
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changes were made during the 10 sec, blackout periods. The 30 
stimlus presentations comprised three blocks of ten, and within 
each block there were five positive and five negative etimalie 
Twe different random series were prepared and these were randomly 
alternated within and between $s. Discrimination training was 
continued until a eriterion of no responding in five successive 
periods ef S~ combined with continued responding to S+ was achieved. 
Day 14: . Interpo lated Generaligation Testinge--While each & 
was in progress of discrimination training, a 3-series ceneraliza— 
tion teat of 33 stimilus presentations was administered at the 
completion of every even numbered daily session of discrimination 
training (Daye 2, 4, 6, etc.). Before returning to the home cage, 
S& was placed in the test box, allowed a 5 ain. VI warm-up period, 
and then the test was administered. If the discrimination 
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eriterion was met on a dey on whieh an interpolated generalization 
test was scheduled, the test was omitted. 


‘i ligation Test.--On the day after the criterion 
for discrimination was met, a final generalization test was ad- 
ministered to each 5. The final test was carried cut in the same 
manner as the preliminary and interpolated tests, with the exeep- 
tion that 12 test series (132 stimilue presentations) were used. 


Chapter IV 
RESULTS AND DISCUSSION 


in this chapter we will treat each of the four major pro- 
blems separately. The resulte relevant to each problem will be 
presented and an interpretation of the findings will fellow. 


Te Hotivation and Generalization. 

Before inquiring about the influence of drive level on gen- 
eralization we mist firat ask the question "Did the difference in 
deprivation weight result in any difference in VI performance of 
the three groups even before the administration of the ceneraliza- 
tion test?" The results of past experiments (Ferster and Skinner 
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(1957)) led to the expectation that there would be a positive re- 
lationship between amount of weight loss and response rate under 
the VI schedule. The daily VI records for all Ss are reported in 
Tables XIII, XIV and XV in the appendix. The mean response rate 
en tne fourth and fifth day of YI training was used as a measure 
of cerformance. These scores showed a great deal of variability, 
fanging from a mean of 526 Rs to 1760 Re. The mean number of re- 
sponses for the 60% group is 1007.2, for the 70% group 1056.3, 
and for the 202 group 1063.3. These differences are nob siznifi- 
eant (F241, 2/51 df) (Table I). 


Table = 


ANALYSIS OF VARIANCE OF VI RESPONSE RATE AS A 
FUNCTION OF DRIVE LEVEL 


Drive level 2 16,863.2 0.13 
Within groups 51 133,283.46 
Total 53 


Next we turn to the effect of drive level on the generalisa- ~ 
tion gradient iteelf. The mean generalisation gradients of the 
three drive gropps are presented in Figs 1. In Fig. 2 are pre- 
sented the generalisation gradients cf the three drive groups, 
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Fige 1. Stimulus Generalization Gradients at 
Three Drive Levels 
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transformed in the following manner. For each & the gradient is 
plotted in terms of the ver cent of the total ressonse output given 
te the various stimuli. This transformation equstes the area under 
all curves this cancelling out differences due to response level, 
and thereby removing a major source of variability in the scores. 
Ingpection reveals that Pir. 1 and Fig. 2 do not differ 
greatly. The effect of che transformation of the individual gra- 
dients is net cbvious because the total muaaber of responses made 
in the tout. by the three groups did not differ (P41, 2/51 df) 
(Table 17). The transformation does, however, reduce the variabi- 


lity of the seores which are used te compute the mearie in Figs 2. 


Table IT 
~~. OF VARIANCE OF NUMBER OF RESPONSE 


™ PRELIMINARY GENERALIZATION TEST as A 
FUNCTION OF DRIVE LEVEL 


Drive Level. 2 26,88061 033 
Within groups ba GU p55 01 
kotal 53 


The gradients in Figs 2 are ummsual in a number of ways. 
They are flatter than those usually obtained. In addition they 
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Fig, 2. Stimilus Generaligation —", in 
Terme of Per Gent of Total Rego 
Drive Levele 
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show considerable tencency for the peak cf responding to be dise 
placed from the CS to a peint toward the longer wave-lengths. In 
fact, the 60% and 70% gradients show more responding to 555m than 
to 550Mp (the CS) while the @0f group shews almost as mich. 

One way to analyze the location of the gradient is to treat 
it as a grouped frequency distribution and to compute the meari 
value. This yields a convenient aeasurs of central tendency which 
dees not require extrapolation from known values, (as in the case 
of the mode) and yet is sensitive to differences in the ends of 
the gradient (unlike the median). ‘The analysia of the means of 
the three gradients shows no significant differences in location 


(Fe2.90, 2/45 df)(Table III). 


Table TIL 


ANALYSIS OF VARIANCE OF MEANS OF THE PRELIMIN 
CRNERALIZATION CRADIERTS AS A FUNCTION 
OF DRIVE LEVEL AND PROBLEM 


Source — af uS F 


Problems . 2 15.01 0.60 
rive Level 2 50028 2200 
Interaction 4 &obk 0034 
Within 45 25409 


Total 53 
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A simple measure which reflects the "slope™ of the generali- 


tation gradient is the per cent of the total number of resyonses 
given to the 05 value. The greater this per cent, the "steeper® 
the gradient. hough the £0% gradient is "steepest™ and the 60% 
gradient “flatiest* accomiing to this measure the differences are 
net statistically significant. (P = 1674, 2/51 df) (Table Iv). 


Table iV 


ANALYSIS OF VARIANCE OF PER CENT RESPONSES Tt 
CS ON THE PARLIMTUARY GENERALIZATION TEST 
AS A FUNCTION OF LEVEL OF DRIVE 


In the present experiment the variable of deprivation weight 
level had no effect on either the level of responding to the CS 
daring YI training or on the reedtente of stimilus seneraligation 
obtained in extinction. Since both of these findings ere contra- 
dictory to the resulte cf past experiments, an explanation for 
these differences mist be sought. The lack of a drive effect on 
YI rate might be explained by the fact thet only five days of VI 
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training were given. If the influence of drive on VI rate is to 


raise the asymptote but not to effect the rate at which this 
asymptote is achieved, then perhaps more days of VI training would 
have been necessary to produce the expected drive effect. Another 
possibility to be considered is that 607 deprivation weight is so 
gevere s condition that inanition substantially reduces the re- 
‘ gponge strength ef the Se. The high mortality rate in the 60% 
group adds support to this hypothesis. 

the Jack of a drive effect on generalization is equally 
difficult to explains In the present experiment there was no 
relationship between drive level and number of responses in the 
generalisation test. There was also no reliable evidence that 
drive altered the slope of the gradient. It may be remembered 
that it is the position of Jenkins, Pascal and Walker (1958) that 
such influence as drive may have on the generalization gradient 
is mediated through changes in response strengthe Such a view 
would lead to the prediction that since, in the present case, 
drive had no effect on response strength it would have no effect 
on generalisation slope either, findings are thus consistent 
with their view although they certainly do not preclude another 
explanation. It may be that the unknown factors which prevented 
drive from influencing VI rate in the usual way also acted to 
prevent drive from influencing generalization slope, What such 
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factors might be it is not posgible to infer from the data. 

The present study indicates that much remains to be learned 
about the ways in which drive level affects behavior and the con- 
ditions under which such effects may or may not be observed, A 
number of problems are pinpointed on the basis of our failure to 
find a significant drive effect. One of these is the aignificance 
of the amount of training given the § prior to the generalisation 
teste In the present study only five days of VI training were 
administered while all previcus studies employed more extensive 
training. Another problem concerns the separation and spacing 
of generalisation test stimuli, In the present experiment the 
gtimli were slossly and unevenly spaced, being separated by 5M 
units near the CS and 10M units further away. What effect this 
Variable may have remains to be demonstrated, but the resulte of 
the present study suggest the need for an exploration of this 
possibility. 


il. vation and Discrimination Learning. 
The discrimination learning waves of all Se are presented 
nL 


in Table XXII in the appendix. In that table are recorded the 
cumlative response totals to both the positive and the negative 
stimali. Since the procedure employed here required that Ss be 
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hil 
run te a criterion, different Ss received different amounts of 


training. Although it is possible to vineentize the curves and 
then analyse for difference dirsctly, such a procedure asswaes 
that the curves are of the same form, anc in any case it also 
obscures much of the data. Instead we decided to employ measures 
of digerimination learning which can be calculated from the raw 
data thouselves. 

In the present study four different measures of discrimina— 
tion learning were used. Two of these involved the passage of 
tias; the nusber of minutes of training to criterion, and the num 
ber of minates to one half the total respnnge output to the nege- 
tive stimulus. The first of these measures is straight-forward. 
It ia the measure of discrimination learning used by Hanson (1959) 
and many other investigators. The second measure was introduced 
because it might be sensitive to differences overlooked by tne 
first. For example, if, under one experimental condition, dis- 
erimination proceeds rapidly at first but then remains for a while 
on & plateau short of the criterion of learning, there might be no 
amare 4itterenee Wetreen this condition and one whieh produced 
a more typical form of performance curve. On the other hand, the 
use of a criterion less rizgercus might have shown a clear difference 
between the conditions. The use in this study of the second mea- 
gure, the number of minutes to one half the total response output 
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to the negative stimalus, is thus a protection against rosaible 
error caused by the arbitrary selection of the learning criterion. 
The other two measures of discrimination learning are the number — 
of responses given to S- in training and the per cent of the total 
mumber of responses in training which were made to S-. The analyses 
ef discrimination learning in temas of the four different perfor 
manee measures will be presented in the order outlined above. 

ion of Extinction.—Fig. 3 presents the data 


on time te criterion as a function of (S+, 5-) difference with 
drive level as parameter, Analysis of variance indicates that 
minutes to eriterion varies as a function of (S+, 5~) difference 
(F = 23.5, 2/h5 4f, p£.01) (Table ¥). The effect of drive level 
approaches significance (F = 2,96, 2/45 af, .05/ pL.10) (Table V). 
The interaction between (S+, S~) difference and drive level is 

not eignifieant (F421, 4/55 af) (Table V). 


the data on time to one half the total response output to S~ as a 
function of (8+, S~) difference with drive level as parameter. 
Anelyeie of variance indicates that this measure varies as a func- 
tion of (St, S~) difference (F = 16.68, 2/45 df, p 4.01) (Table VI). 
The effect of drive level approaches significarce, (F = 2.84, 2/45 
af, 054 p4.10) (Table VI). The interaction between (5+, 5+) 
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Fig. 3 Time totthe Criterion of Learning as a6 
function of (3+, S~) Difference at Three Drive 
Levels 
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Fige 4. Time to one half the Response Total to 
Se as a function of (3+, S-) Difference at Three 
Drive Levels 
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the data on number of responses to S- during training as a fune~ 
tion of (5+, S-) ci fferences with crive level as paraueter. Analy- 
gis of variance indicates that number cf responses to 5~ varies as 
_@ function of (S+, S-) difference (¥ = 15.06, 2/45 df p 2.01) 

(Table VII) but not with drive level (F = 1.55, 2/45 d£) (Table VII) 
The interaction between (3+, S-) difference and drive level appro- 
aches significance (F = 2049, 4/45 af, 0054p 4.16) (Table VII). 


fable ¥II 


ANALYSIS OF YARIANCE OF RESPONSES TO S- AS A 
FUNGEION OF (5+, S-) DIFFERENCE 
AND DRIVE LEVEL 


Problens 2 8,76k,766.2 15.06 p 2.01 
Drive level 2 GOhp67le2 1055 

Interaction be 1 ph55,59405 = Beh «205 Lp 2610 
Within 45 «58322642 


Total 53 


Fig. & are presented the data for per cent of the total number 


of responses given to S- ae a function of (S+, S-) difference with 
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43 
drive level as the parameter. Analysis of variance indicates that 
this measure varies with (3+, S~-) difference (F = 32,54, 2/45 df, 
pZ +01) (Table VIII) but not as a function of drive level (F “1, 
2/45 af) (Table VIII). ‘The interaction between (5+, S-) differ- 
ence and drive level is significant (FP = 4.38, 4/45 df, » ¢.01) 
(Table VIII). 


Table Viii 


AUAINGIS OF VARTANCE OF PER CENT OF RESPONSES 
TO S- AS A FUNCTION OF (5+, S~-) DIFFERENCE 
AND DRIVE LEVEL 


Source ai vis F 


Problens i ee ee ee 
Drive Level 2 35668 OeP9h 
Interaction i 166.21 be3S =p Ze0L 
Within 45 37696 

Total 53 


The present study is fully in agreement with Frick (1948), 
Raben (1949) and Sangon (1959) in the finding that the ease of 
formation of a discrimination varies inversely with the (S+, 5~) 
difference, This study expands upon Hanson’s finding by using 
four different discrimination measures, each of which wae found to 
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Fige 6. Per cent of Total Responges to S~ during 
Discrimination Training as a funetion of (+, 5-) 
Difference at Three Drive levels 
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be significantly related to the (8+, S+) difference, In two of 
the four discrimination learning measures, time to criterion and 
time to one hal? the total vesponse output to the negative sti- 
wilus there wag evidence to suggest that drive facllitates the 
Jearning of the discrimination. On the other hand the two other 
dependent variables, number of regponees to S- and per cent of the 
total number of responses to 5- during walning showed no drive 
effect. 

if the drive effect sugsesied by the two “time” measures is 
indeed reliable this would not be the first time that "tine and 
Pegponse strength or error measures falled to agree. For example, 
it was ri Estes’ (1944) classical experiments on punishment that 
it was shown that electric shock delivered to the rat during 
extinction of the bar pressing regpomuse may reduce the "reflex 
reserve” without altering the time required to achieve the eri- 
terion of extinction. 

Although the present experiment earmot be said to dexon- 
strate unequivocally that drive is a significant variable in 
determining the rate of the learning of an operant diserimination 

“ib suggests that this may be the case, It may be that the inter~ 
polation of two additional experimental treatments, the preliminary 
seca iebtien tees and the Whore gdcevalination toate during the 
course of discrimination learning, increased the variability of 
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the learning scores so as to reduce the statistical level of con- 


fidence of the drive effect. The results are sufficiently pro- 
Miging to warrant a more direct attack of the problem of drive and 
operant discrimination learning. Whatever may be the theoretical 
significance of success or failure to find an effect of drive on 
discrimination Learning. mm” is clear from the present study that 
the physical similarity 0 or difference between the stimuli to be 
discriminated is of far sreater practical importance than is the 
level of motivation of the 3. 

The finding ef an interaction between drive level and (S+, 
$~) difference with the measures of responses to S- and per cent 
of responses to $- is difficult to interpret. The "Yerkes-Dodson 
Law" predicts an interaction between drive level and problem diffi- 
 @alty with the measure of rate of learming but no such interaction 
was found. Instead, there is an interaction between drive level 
and (S+, S-) difference with the measures of response strength to 
the negative stimulus. However, the nature of the interaction is 
different from that suggested by the results of Terkes and Dodgson 
(1908). The "Yerkes-Dodson Law" predicts that the highest drive 
level will be optimal with a simple problem, with lower levels of 
motivation being better for more difficult problems, The nature 
of the interaction obtained here, however, is as follows. With 
beth the measures of responses to 3~ and per cent of total responses 
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to 5-, with the most difficult problea, the highest level of drive 


is optimal, and with the preblem of middle difficulty the lowest 


drive level is optimal, and with the easiest problem the middle 
level of drive is best. There is no explanation of this interac- 
tion which comes readily to mind. 


Compared to the preliminary generalization gradients, the 
post-discrimination gradients (PDGs) are more uniform and "steeper". 
Fige 7 presents the gradients of the three different problem groups 
pooled over all drive levels. Figs. &, 9, and 10 present the Pls 
for the 60%, 70% and 80% groups separately. In Fige 7 we may see 
that striking changes in the gradient have taken plase as a funce 
tion of discrimination training and these changes are mirrored at 
all levels of drive as the following three figures indicate. The 
gradients are steepenec and are Cisplaced from the S+ in a direc- 
tion opposite to S~ an amount inversely related to the (S+, S-) 
difference. ‘The difference between the means of the three FDGs 
is significant (F = 10.74, 2/45 df, p/ .01) (Table IX). 

In Fige 1] the gradients of the three different drive groups 
are presented, pooled for the three problems. Figs. 12, 13 and 14 
present the gradients for the three problem groups separately. 
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Fig. 7» Post-Diserimination Generaligation Gradients 
after Three Different Discrimination Problema, 
Pooled over Three Drive Levels 
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fig. &. Post-Digerlmination Generalization Gradients 
of the 60% group after Three Different Diserimination 
Problems 
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Pig. J. Post-Diserimination Generalization Gradients - 
of the 70% group after Three Different Diserimination 
Problems 
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Pigs 10. Post-Diserimination Generalization Gradients 
of the 205 group after Three Different Discrimination 
Problems 
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Fige Lie Dost-Diacrimination Generalization Gradients 
of the Three Different Drive Groups, Pooled over 
Three Discrimination Problems 
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Pig. 12. Post-Discrimination Generalisation Gradients 
of the Three Different Drive Groupe after Traiming 
en 350 op + 590 ay ~ 
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Table IX 


ANALTSIS OF VARIANCE OF MEANS OF THE FINAL GENERALIZATION 
GRADIENTS AS A PUNCTION CF (S%, S-) DIFFERENCE 


AND DRIVE 


Problens , 2 12613 10.7% pZ.Ol 


Drive level 2 30458 2056 «052 p/ 10 
Interaction _ 4 Uae 

Within 45-193 

Total 53 


The effect of drive level on the PlGs is certainly not so striking 
ag the effect of (S+, S-) difference. There is a suggestion that 
the gradient of the 80% croup ie displaced more than that of the 
other two groups (F = 2.56, 2/45 df, .05/p/.10) (Table IX). 

In this study the post-~<diserimination generalisation gra- 
dients showed the same displacement, "“steepening™ and increased 


regularity as had been reported by Hanson (1959). In agreement 
with his earlier work it was show here that the change in ova 
tion ef the central tendency of the PPG varies as an inverse 
funetion of the (s+, 8+} difference, This effect was clearly ob- 
served with three different levels of drive. 


é 

In an earlier section it was reported that time to learn the 
discrimination also varied inversely with (S+, S-) difference, at 
all levels of drive. Ab this point the question way be asked "Is 
the change in location of the gradient a function of the (S+, 8~) 
ciiference directly or is this effect mediated through the variable 
of the amount ef discrimination training administered?™® Would the 
PiGs of the three problem groups have differed in location if the 
seme amount of discrimination training had been ziven to each? 
What is the effect of amount of discrimination train: 
changes in the location of the POG independent of the (S+, S-) 
difference? 

The design of this study cakes available empirical answers 


ig on the 


io these questions. The question of whether the PiGs of the dif- 
Zevent groups of $s given equal amounts of training but on 
different problems (ise. different (S+, S-) differences) differ 
in amount of displacement is anawered by the following data. All 
Ss, (in 411 groups) which did not achieve the eriterion of diseri- 
Wination learning after wwo complete daily seesions of treining 
ware submitted to a short (three-series) generalization test. 
Though such a test was obtained on only one 8 from the 590M 
group, fourteen gs from the 570Mp group and 16 Ss from the 555i 
group were thus tested. For each § a “cisplacement score” was 
tained by subiraching the mean of the second generalization test 


(a ,48) ent te 


a3 
from the mean of the first. The mean of these displacement scores 
for the two groups was virtually identical, (5.6i for the 570 
group vs 5.7M,p for the SoH group). This finding 
gpite of the fact that in one case the ($+, S-) difference is more 


occurs in 


than twice wat 1t is in the other cases. These data are pre- 
sented in Table x. 

The foregoing analysis was based on date from the 570i 
group and the 55ehip groupe Another analysis may be made which 
involves meabers of the 590i group. It is possible to match five 
Ss from the 590i, group with five Sa from the 570Ma group on the 
begis of minutes to the learning criterion. The data for these 


ten 86 are presented in Table XI, The mean musber of minutes to 
criterion is 47.4 for the 590M, group ve 50.2 for the 570Mp groupe 
The mean of the displacement scores (mean on preliminary general 
igation test minus mean on final generalization teet) is 6e52hip 
for the 590M, group ve 6.00M: for the 570Mp group.» Thus, in 

ment with the preceding analysis, 8s with the same amount 
of training, though on different problema with different (S+, 
S~) differences, show the same amount of displacement. 

The fact that the amount of displacement of the central 


tendency of the generalization gradient varies with the amount 
of discrimination training administered is not surprising. If 
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Table x 


GISPLACENENT OF THE MEAN OF THE GENERALIZATION 
GRAD DET? WITH TWO SESSIONS OF DISCRIMINATION 
TRAINING AT TWO DIFFERENT (3+, S-) VALUES 
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Table AI 


DISPLACEMENT OF THI MEAN CF THE GENERALIZATION 
GRADIENT ag A FUNCTION OF TIM (MINUTES) 
TO GHITERION WITS TWO DIFFERENT 
SETS OF (Se, 5~) VALUES 


_teiterion Displacement i | Griterion Displacement 
8 #50 ky #1 865 ~£.83Mn 
& #65 43 8 #58 8 42 he29Mp 
3 #53 57 $ #13 5h Lis 608 
& #34 2, S #9 25 12.05%p 
& #56 80 a eS 


Mean = 50.2 Mean = 6,00, Kean = 470k Hean = 6_52iip 


gome process analosous to Spencets “gradient of inhibition" is 


responsible for the displacement, then more diserimination trains 
ing would produce more inhibition, thus more displacement. However, 
: ae long ae inhibition is assumed to be maximal at the value of the 
negative stimilus and decreases as the stimlus changes, then the 
leeation of S- with regard to its physical distance from 5+ mat 

be a significant variable. If, when we control for the effect of 
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amount of training the (3+, S-) difference loses its significance, 
hen the kind of @ egubtractive mechanian hypothesiged by Spence 


becomes less plausible. 


it has been staled that amount of discrimination training 


appears to be the variable whieh determines the amount of dise 


placement of the PiG. Next we shall consider the wabure of this 
relationship. In Fige 15 are plotted the means of the preliminary 
generaligation gradients obtained fron all $8, the means of the 
second obtained gradient, the third, etc. We nave pooled the data 
from all groups since it appears that neither drive level nor : 
(3+, S~) difference seen to have any effect on the location of the 
FRG when amount of training ig held constant, Under each of the 
values is recorded the number of Se whose scores are represented in 
thal mean value. Tae value of I] continually decreases indicating 
that all 8s had ab least two generalisation tests whereas pro- 
gressively fewer $s hac three teats, four teste etc. 
The figure shows a negatively accelerated decreasing functions 
Even as few as two discrimination training sessions produsec a 
gubstaniial shift in the position of the gradient. ‘The displace- 
ment continues te increase with further training but at a nega~ 
tively accelerated pace. It is unlikely that further training 
would have resulted in any further changes in the location of the 
gradient. 
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Fig. 15. Mean of the Gradient as a function of 
Ordinal Position of Test 
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Gne of Hanson's most interesting findings was that occasion- 
ally an § in discrimination training will initially show a relative 
gain in the rate of response to S- before the effect of non-rein- 
foreement becomes evident. This finding was confirmed here. In 
addition, the inclusion of a generaligstion test after two days of 
training indicates that those Se which have shown no evidence that 
they have gtarted to master the diserimination still tend to pro- 
dace a displacement of the gradient. In Table XXII in the appendix 
it may be seen that Ss #23, 25, 47, 51, 59, 67 and 72 have shown 
vesent after two days of training, Yet Table XXXIII in the 
appendix shows a substantial displecement of the mean of the 
Gradients in five of the seven cases. This finding poses another 
problem for a Spence-type position which interprets the displace- 
ment of the gradient as a funetion of a hypothetical gradient of 
inhibition. It seems logical to asswxe that any inhibition which 
accumlates during the course of unreinforeed responding to 3- 
should reduce the rate of responding to $~ as well as be reflected 


Gan the ease of formation of a discrimination be predicted 


from the stimalus generalization gradient? The answer to this 
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requires a further analysis of the data presented earlier. It wae 
reported in an earlier section that time to eriterion and number 
of responses to 5- in discrimination training are both inversely 
related to (St, S-) difference. In the case of time to criterion 
there was also evidence that the effect of drive level may be 

The analysis of the effects of a third independent 
variable, some measure of absolute or relative ceneralization to 
the negative stimlus, requires an application of the analysis of 
covariance technique. This procedure enables us to test the sig- 
nificance of the relationship between the dependent variable (¢sez. 
time te criterion) and tie third independent variable. The bypo~ 


thesis may be tested that the regression of the dependent variable 
on the third independent variable (called the control variable) is 
zero for all cells of the design. An F ratio provides a probability 
estimate for the acceptance or rejection of this null hypothesis. 

Four such ¢ovariance analyses were carried out to test for 
the significance of the regression between time to criterion and 


mumber of responses to S- in the generalization test, between time 
to eriterion and retio of responses to S- divided by responses to 
the CS in the generalization test, between number of responses to 
S~ in digerimination training and number of responses to S- on the 
generalization test, and finally between number of responses to S- 
in discrimination training and ratio of respenses to 5- divided by 


: 70 
seg to the OS on the eenereligstion test. The 


results of thege analyses are presented in Teble XII. 

It may be seen that contrary to expectation there is no | 
evidence that the rate of formation of a discrimination can be 
predicted from either the mmber of responses to S~ in the gen~- 
erslization test or the ratio of responses to 8~- divided by res~ 
ponses to the Cs. Neither aan the S/S ratio predict the number 
of responses to S- during discrimination training. The only sieni- 
ficant regreseion found wac between mumber of responses to S~ in 
training and number of responses to Ge in the generalization test. 
The results indicate that those 8s which make the most responses 
te §~ in the generaligation test make the most responses to S~ 
during diseriminetion training, yeb there is no corresponding 
inerease in the time required for aastery of the discrimination. 

It is elear from these results that neither absolute nor 
relative generalisation provides a basis for the prediction of the 
Fate with which 9 digerimination may be formed. It would appear 
that the formation of a discrimination is a dy 
rate of which cannot be predicted from the prior static condition 
of the 5 with regard te the discriminanda. In other words, the 
generaligation test provides us with a measure of the 5's stimulus 


tame process the 


preferences at the time of the test; it tells us nothing about the 
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rate at which such preferences may change throuz: learnings 

These conclusions are based on a negative finding and there- 
fore are subject to the limitations thet acceptance of the mall 
hypothesis necessitates. Whether or not the use of a larger 
eauple or a different experimental procedure would have cemon- 
strated an effect where we were unable to do so, it is inpessible 
te say. We can say, however, that if a relationship between rate 
of discrimination learning and some measure of generaliged response 
ptrength to the negative siticulus does exist, it is not of suffi- 
cient strength to be conspicuous. 
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Chapter ¥ 
SUMMARY AND CONCLUSIONS 


An experiment was performed in order to gather data bearing 
on four different problems in the area of operant generalization 
and discrimination. These problems concerned the influence of drive 
level on generalization, the influence of drive level on diserimin- 
ation learn: 


ng, the effect of discrimination training on subsequent 
stimulus generaligation and the relationship between stimulus gen- 
eraligation and the subsequent formation of a discrimination. 

Three groups of lé pigeons each were trained to peck at a key 
illuminated by a monochromatic light of 550Mp. The three groups 
differed in drive level, defined as the per cent of original ad Lib. 
weight. One group each was run at 60%, 70% and 80%. All groups 


Td 
were given five days of training under a variable interval rein- 
forcement schedule with a mean interval of one minute. Next a gen- 
eralization test in extinction was administered to all Ss. The 
test consisted of random presentations of wave-lengths varying 
from 510Mu to 590M. After the completion of the generalization 
test the three drive level groups were further sub-divided into 
three diserimination problem groups, 550M + 590M -, 550Mp + 
570Mp —, and 550Hp + 558M ~, thus completing a three by three 
factorial design with six $s per cell. During the course of 
discrimination training responding to the S+ was rewarded accord~ 
ing to the same VI schedule previcusly used while responding ico 
the negative stimilus was never reinforced. Also, during the 
course of discrimination training, after the completion of every 
even numbered day of training, (days 2, 4, 6 ete.) a short zgen- 
eralisation test was given to all Se. After the eriterion of dis- 
erimination learning was met, all Se were subjected to a final 
generaligation test. 

The following were the major findings of this study: 


Generalisation and Motivation. Under the conditions of the present 


experiment, the level of motivation ef the Se had no reliable 
effect on VI rate during training, mumber of responses in the 
preliminary generalization test under extinction conditions, or 
the "gteepness”® of the generalization gradient. A number of 


75 
poseible reasons for the discrepancy between this and other studies 
was offered. 


Discrimination Learning and Motivation. Four different measures of 
digerimination learning were employed: (a) time te the criterion 
of learning, (b) time to one half the total number of responses to 

& during discrimination training, (¢) number of respnnses to $ 
during digserimination training and (d) per cent of the totel number 
of responses given to § during training. Three different discri- 
mination problems were used in order to create a range of diffi- 
eulty. The three problems, 550i + 590M -, 550Mp + 570Np - and 
550Mp + 558Mp ~ produced reliable differences in ease of Learning 
according to all four measures. The variance attributable to 
drive level approached significance (.052p 1.10) with the two time 

measures but lacked significance with the two response strength 

measures. With the response strength measures there appeared to 
be an interaction between the effects of (S+, S-) difference and 
drive Level. However, the interaction w2s not of the type pre- 


dieted by the "Yerkes-Dodson Hypothesis”. In the present case, 
with the most difficult problem the highest drive level was op- 
timal, with the problem of moderate difficulty, the lowest crive 
level was best, whereas with the easiest problem the moderate level 
of drive provided the most favorable condition for learninge 
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In agreement with an earlier study by Hanson (1959) it was shown 
that following discrimination training the generaligation gradient 
is *steeper® ami more regular and the central, tendency of the 
gradient ia Cisp 
the S-. Also in agreement with Hanson the extent of the shift was 
an inverse funetion of the (S+, S-) difference. Whereas Hanson 
analyzed the location of the mode of the gradient, in the present 
study the measure ef central tendency used was the mean. This 
measure does not require extrapolation from known values (as does 
the mode) and yet is more sensitive to extreme values than is the 
mediane 

The procedure of obtaining a control gradient from each & 
before the atart of discrimination training made it possible to 
focus more clearly on the variables which determine the displace- 


laced from the 8+ to « value farther removed from 


ment of the central tendeney of the gradient. It was shown that 
when the amount of ciserimination training is held constant, the 
(3+, 5-) difference has no effect on the amount of displacement. 
fhis suggests that amunt of discrimination training is the vehicle 
thewagh whieh the ($+, 8-) difference has its effect on the loca- 
tien of the PIG. Thie finding seems contradictory toe a Spence- 
type analysis of discrimination learning in the free operant 


situations 
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It wae algo shown that with (S+, S-) difference held con- 


stant, displacement of the central tendency of the gradient is an 
inereasingly negatively accelerated function of amount of discri- 
Minablon training. it was found that the shift in the locatien of 
the gradient begins to take place even before there is any evidence 
that learning of the discrimination has begun, and the problem that 
this fact presents to a Spence-type analysis of the present learn- 
ing situation was indicated. 


Two different measures of stimulus generalization, nuaber of 
respouses to S- on the preliminary generalisation test and ratio 
of responses to S- divided by responses to the C5 were used in an 
attempt to predict the ease of formation of a discrimination. Two 
different dependent variables were employed, the number of re- 
@penses to S- during the course of discrimination training and the 
muumber of minutes of training to criterions It was found that 
neltner of the two independent variables «as significantly related 
to the rate of formation of the discrimination. A significant 
peaditve relationship was established, however, Setween nuawer of 
Yesponses to S- in the generalization test anc number of responses 
to S- in subsequent discrimination training. In other worts, those 
5S which make the most responses to S- in the generalization test 
take the most responses toe S~- in discrimination training, yet 


76 
there is no corresponding increase in the time required for 
mastery of the discrimination. These findings suggeat that the 
formation of a Giserimination is a dynamic process, the rate of 
which cannot be predicted from the pricr static condition of the 
§ with regard to the diseriminanda. 
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Table XIIT 


RESPONSES IN VARIABLE INTERVAL HEINFORCEMENT 
60% GROUP 


Day 5 Mean-Day 4 &5 


3 1012 
, 70k 652 
S469 795 1002 
S#7L 702 679 
S# 1 1632 1518 
S#58 609 756 
SF 2 580 74,0 
SF 5 603 712 
S#14 1520 1514 
GH56 918 1068 
S#70 1008 92k, 
850 797 700 
sf 6 s7e $17 
S#15 876 934 
S#54 1198 1100 
3#63 1212 1760 

994, 1075 


Mean 77905 36.3 919 oh 1006.2 1007.8 100762 


él 


Table XIV 
MBER OF RESPONSES IN VARIABLE INTERVAL EEINFORCHAEN 
70% GROUP 


S¥42 550 4300 798 
S439 756 658 502 750 775 
S416 468 é 621. 75 LADS, 1139 
S13 85036 sé 501 526 
SF 72 903 1600 1686 1763 1726 
5#59 503 907 900 984, LAL 
8765 850 485 FOS 921 940 931 
S#L7 508 650 e26 Taa 966 @11 
#53 -1203««l07,—i(i«#00 1177 1250 
460 1015 903 L103 1297 1200 
906 1009 «1207S «(1293 1250 
67 siwignsii65—(iTSTKC«éS Ga 
S60 920 1303 eo oes = 1350 1219 
Sh, 1523 1568 Oh 1425 1625 1575 
S#1E 892 733 7o0 861102 O71 1037 


S#12 589 408 530 505 $79. 539 


Mean 76802 855.0 95325 1003.1 1103.4 105643 


Table XV 


NUMBER OF RESPONSES IN VARTADLE INTERVAL BEINFORCHGNT 
80s GROUP 


36 hOB = OG , 5 52 
ages 609 «(503i (i OL 932 


Mean 682.0 7898 EOl67 Whlsl 1085.8 1063.3 
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Table XIX 


PRELIMINARY GENERALIZATION GRADIENTS (PER CENT OF TOTAL RESPONSES) 
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Table ZXIII 


MEASURES OF DISCRIMINATION LEARNING: 
1-TIME TO CRITERION (MIWUTES) 


Yean = 65.0 


ced 80% ~ 310 Mp Group 


Mean = 115.2 Mean = 183.3 Mean » 1728.5 


Howat 
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Table XXIV 


MEASURES OF DISCRIMINATION LEARNING: 
2-TIBE TO ONE-HALF THE TOTAL NUMBEA 
UF HESPONSES TO 3- 


- 590ty Gro army 70% ~ 590} Gre - = 5900 Group 


Se 1 18 S#13 $#20 
S#LI 5 S#16 7 $#23 or 
S#55 5 S#h2 3 $226 5 
S#69 3: S736 9 $730 16 
S#74 5 #39 is $733 g 
SH5E 12 S#L5 2 S#52 20 
Mean = 8.0 Mean = 937 Mean = 26.2 
60% ~ 570iha Greup 702 — S70K ia Group BOE ~ 570M. Sroup 
sé 2 3 S#46 2 S#34 ll 
5 S#L7 62 $#31 60 
SH, 50 5#53 10 3437 47 
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fable XXxI 
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